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GHWHUPLQHGDVZHOODVWKHSKDVHVLQYROYHGLQWKHMRLQWIRUPDWLRQLQWKHFDVHRISXUHQLFNHOEUD]HGZLWKDXVXDOILOOHU
DOOR\FDOOHG%1L,QDGGLWLRQWKHUHVLGXDOVWUHVVDQGGLVWRUWLRQDQDO\VLVDIWHUEUD]LQJDQGFUHHSUXSWXUHUHVLVWDQFH
IRU EUD]LQJ MRLQW DW KLJK WHPSHUDWXUH KDYH EHHQ LQYHVWLJDWHG >  @ $SSOLFDWLRQ RI VXFK DOOR\V UHTXLUHV D
FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKHLU PHFKDQLFDO SURSHUWLHV DW VPDOO YROXPH VL]H DQG DW HOHYDWHG WHPSHUDWXUHV
+RZHYHUVXFKLQIRUPDWLRQLVVWLOOODFNLQJIRUERWKVROGHUMRLQWVDQGEXONDOOR\
,Q UHDO DSSOLFDWLRQ WKH WKLFNQHVV RI WKH %1L ILOOHU PHWDO FDQ EH LQ WKH UDQJH RI D IHZ PLFURQV DQG WKH
LQWHUPHWDOOLFFRPSRXQGVRIVROGHUMRLQWVFDQEHXQGHUPLFURQLQGLPHQVLRQ7KXVQDQRLQGHQWDWLRQLVDVXLWDEOHWRRO










ORVV PRGXOXV >@ DFWLYDWLRQ HQHUJ\ DQG VWUHVV H[SRQHQW IRU FUHHS >@ DQG IUDFWXUH WRXJKQHVV RI EULWWOH
PDWHULDOV >@ KDYH DOVR EHHQPHDVXUHG XVLQJ QDQRLQGHQWDWLRQ WHFKQLTXH 7KHVH VWXGLHV KDYH LQYHVWLJDWHG WKH
PHFKDQLFDO EHKDYLRU RI WKH FRPSRQHQW RI WKH VROGHU MRLQW VWUXFWXUH EXON VROGHU LQ WKH DVVROGHUHG FRQGLWLRQ DQG
RWKHUVPDOOVFDOHVWUXFWXUHV
,QWKLVVWXG\WKHPHFKDQLFDOSURSHUWLHVRIDVFDVW%1LILOOHUPHWDOZHUHLQYHVWLJDWHGE\QDQRLQGHQWDWLRQWHVWV












0DWHULDO &RPSVLWLRQ % 6L &U )H 1L
%1L ZW     

)LJXUH  VKRZV WKH LQVWUXPHQWHG QDQRLQGHQWDWLRQ V\VWHP $JLOHQW * 86$ 7KH PD[LPXP ORDG RI WKH
PDFKLQHLVP1DQGWKHORDGUHVROXWLRQRIWKHV\VWHPLVOHVVWKDQQ17KHPD[LPXPLQGHQWDWLRQGHSWKRIWKH
V\VWHPLVXPDQGWKHGLVSODFHPHQWUHVROXWLRQLVOHVVWKDQQP1DQRLQGHQWDWLRQWHVWVZHUHFRQGXFWHGRQWKH
DVFDVW %1L VROGHU DOOR\ WR DFTXLUH LWV PHFKDQLFDO SURSHUWLHV $OO LQGHQWDWLRQ WHVWV ZHUH SHUIRUPHG DW URRP
WHPSHUDWXUH ,QGHQWDWLRQ ZDV FRQGXFWHG ZLWK D WKUHHVLGHG S\UDPLG %HUNRYLFK LQGHQWRU RQ SROLVKHG VDPSOHV
&DOLEUDWLRQIRUPRGXOXVRUKDUGQHVVFDQEHHYDOXDWHGDVDIXQFWLRQRILQGHQWDWLRQGHSWK>@
/RDGXQORDGH[SHULPHQWVZHUHSHUIRUPHG WRXQGHUVWDQG WKHHIIHFWVRIGLIIHUHQW ORDGLQJFRQGLWLRQV ,QRUGHU WR
PLQLPL]H SODVWLF HIIHFWV WKH LQGHQWHU ZDV ORDGHG DQG XQORDGHG WZLFH LQ D FRQVWDQW ORDGLQJ UDWH ZLWK ZKLFK
XQORDGLQJLVWHUPLQDWHGDWRIWKHSHDNORDGWRDVVXUHWKDWFRQWDFWLVPDLQWDLQHGEHWZHHQWKHVSHFLPHQDQGWKH
LQGHQWHU/RDGLQJXQORDGLQJUDWHVRIP1VP1VP1VDQGP1VDQGWKHPD[LPXPORDGRIP1P1
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DQG P1 V KROGLQJ WLPH DW WKH SHDN LQGHQWDWLRQ ORDGZHUH XVHG LQ WKH H[SHULPHQW7KH GHSWKV UDQJHG IURP
QPWRQP$IWHU WKHODVWXQORDGLQJ WKH ORDGZDVKHOGFRQVWDQWIRUDSHULRGRIVDW WKHRI WKHSHDN
YDOXHZKLOHWKHGLVSODFHPHQWZDVFDUHIXOO\PRQLWRUHGWKHWKHUPDOGULIW<RXQJ¶VPRGXOXVDQGKDUGQHVVYDOXHVIRUD
JLYHQ LQGHQWDWLRQ DUH WDNHQ DV WKH DYHUDJH YDOXH RYHU D VSHFLPHQ GHSWK ZKHUH WKH PRGXOXV DQG KDUGQHVV ZHUH







WHVW PDWHULDO¶V VXUIDFH ZLWK D SUHVFULEHG ORDGLQJ DQG XQORDGLQJ SURILOH 7KH UHVSRQVH RI LQWHUHVW LV WKH ORDG
GLVSODFHPHQWFXUYHRIWHQFDOOHGWKHP-hFXUYHDVGHSLFWHGLQ)LJIRUDQLQGHQWDWLRQRQ%1L
3.1. Young’s modulus and hardness 
,Q WKLV VHFWLRQ ZH GHVFULEH WKH DQDO\VLV PHWKRG GHYHORSHG E\ 2OLYHU DQG 3KDUU >@ IRU REWDLQLQJ <RXQJ¶V
PRGXOXV DQG KDUGQHVV IURP WKH LQGHQWDWLRQ FXUYHV DV ZHOO DV WKH PRGXOXV DQG KDUGQHVV UHVXOWV $ W\SLFDO
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 cc hA    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)RU DVFDVW %1L VROGHU DOOR\ LW LV DSSDUHQW WKDW WKH XQORDGLQJ FXUYH LV ODUJHO\ HODVWLF ,Q VRPH PDWHULDOV




DQG LQFOXGH V KROGLQJ SHULRGV DW SHDN ORDG ,Q DGGLWLRQ DV VKRZQ LQ )LJ  F DW WKH ORDGLQJ UDWH RI P1V
ORDGLQJFXUYHVRIWKHDVFDVW%1LILOOHUDOOR\XQGHUGLIIHUHQWSHDNORDGVFDQEHDFFXUDWHO\ILWWHGE\RQHFXUYHGXH
WR WKHLU RYHUODSSLQJ FKDUDFWHUV 7KH XQORDGLQJ FXUYHV DUH VKLIWHG DFFRUGLQJ WR WKHLU ILQDO GHSWKV WKH\ VKRZ WKH
VLPLODU EHKDYLRXU $V D UHVXOW ZH FDQ VD\ WKDW WKH DVFDVW %1L VROGHU DOOR\ KDV LGHQWLFDO HODVWLF DQG SODVWLF
GHIRUPDWLRQPHFKDQLVPVWKURXJKRXWWKHHQWLUHORDGUDQJH>@
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7KH UHVXOWLQJ YDOXHV RIPRGXOXV DUH SORWWHG DV D IXQFWLRQ RI SHQHWUDWLRQ GHSWKV DV VKRZQ LQ )LJ <RXQJ¶V




LQ VHYHUDO DVSHFWV GXH WR WKH GLIIHUHQFHV RI PHDVXULQJ WHFKQLTXHV )LUVWO\ WKH PHDVXUHPHQW LV ORFDO DQG FDQ EH
LQIOXHQFHGE\ORFDOGHIHFWVVXFKDVYRLGVLQFOXVLRQVDQGFU\VWDOOLQHGHIHFWV:KHUHDVWKHVHDOORZLQVLJKWVLQWRWKH
PLFURVFRSLF EHKDYLRU VXIILFLHQW VWDWLVWLFV DUH UHTXLUHG WR REWDLQ D PHDQLQJIXO YDOXH 6HFRQGO\ WKH LQGHQWDWLRQ
GHSWKV DUH VPDOO WKH VXUIDFH VWDWH URXJKQHVV SUHVHQFH RI R[LGH IULFWLRQ HIIHFWV FDQ LQIOXHQFH WKH UHVXOWV >@
+HQFHQDQRLQGHQWDWLRQLVLOOXVWUDWHGDQHIIHFWLYHPHWKRGWRREWDLQWKHPDWHULDO¶VSURSHUWLHV
7KH FKDQJH RI KDUGQHVV IRU %1LZLWK WKH ORDG LV JLYHQ LQ )LJ  7KH DYHUDJH KDUGQHVV LV *3DZKLFK
FDOFXODWHGE\(T,WLVZHOONQRZQWKDWLQGHQWDWLRQVL]HHIIHFW,6(XVXDOO\LQYROYHVDGHFUHDVHLQWKHPHDVXUHG
DSSDUHQW KDUGQHVVZLWK LQFUHDVLQJ DSSOLHG WHVW ORDGZLWK LQFUHDVLQJ LQGHQWDWLRQ VL]H ,QYHVWLJDWLRQV >@ KDYH
FRQILUPHGWKDWKDUGQHVVRIYDULRXVEXONPDWHULDOVZHUHLQGHQWDWLRQVL]HGHSHQGHQWHVSHFLDOO\DW ORZHUSHDNORDGV
+RZHYHULQRXUFDVHKDUGQHVVRIDVFDVW%1LGRHVQ¶WVKRZORDGGHSHQGHQWEHKDYLRU7KHORDGLQFUHDVHUHVXOWVLQ
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3.2. Yield strength and work hardening exponent 
7KH<RXQJ¶VPRGXOXV DQG KDUGQHVV RI DVFDVW %1L ILOOHU PHWDO PHDVXUHG E\ QDQRLQGHQWDWLRQ H[SHULPHQWV
KDYHEHHQUHSRUWHGDERYH7KHSODVWLFSURSHUWLHVRI%1LILOOHUPHWDOVXFKDV\LHOGVWUHQJWKDQGZRUNKDUGHQLQJ
H[SRQHQW DUH QRW ZHOO NQRZQ 6RPH UHFHQW VWXGLHV KDYH SURSRVHG PRGHOV IRU H[WUDFWLQJ WKHVH SURSHUWLHV RI D
PDWHULDOIURPWKHLQGHQWDWLRQORDG±GLVSODFHPHQWFXUYHV>@

















VWUHVV DW ]HURRIIVHW VWUDLQ ,Q WKHSODVWLF UHJLRQ WUXH VWUDLQ FDQEH IXUWKHUGHFRPSRVHG WR VWUDLQ DW\LHOG DQG WUXH
SODVWLFVWUDLQZKLFKLVZULWWHQDV y pH H H  )RUFRQWLQXLW\DW\LHOGLQJWKXV
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n
y y yE RV H H    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:LWK WKH DERYH DVVXPSWLRQV DQG GHILQLWLRQV D PDWHULDO¶V HODVWRSODVWLF EHKDYLRU LV IXOO\ GHWHUPLQHG E\ WKH
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)LJ  VKRZV WKH W\SLFDO P-h UHVSRQVH RI DQ HODVWRSODVWLF PDWHULDO WR VKDUS LQGHQWDWLRQ 'XULQJ ORDGLQJ WKH
UHVSRQVHFDQEHGHVFULEHGE\.LFN¶VODZ
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 1DQRLQGHQWDWLRQ ORDGGLVSODFHPHQW UHVSRQVHV IRU DVFDVW %1L ZHUH REWDLQHG 7KH ILOOHU PHWDO KDV
LGHQWLFDOHODVWLFDQGSODVWLFGHIRUPDWLRQPHFKDQLVPVWKURXJKRXWWKHHQWLUHORDGUDQJH,WLVIRXQGWKDWDVFDVW%1L
LVORDGLQJUDWHLQVHQVLWLYHWKURXJKWKHDQDO\VLVRIWKHORDGLQJFRQGLWLRQV
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